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CLOCK CAPTURE IN CLOCK SYNCHRONIZATION CIRCUITRY 
Background of the Invention 

[0001] This invention relates to the "capture" of a 
synchronized clock signal in clock synchronization 
5 circuitry. More particularly, this invention relates 
to clock synchronization circuitry that temporarily 
provides a synchronized clock output signal without a 
reference clock input signal. This invention also 
relates to clock synchronization circuitry that 
10 provides a synchronized clock output signal with little 
or no jitter caused by the reference clock input 
signal . 

[0002] Clock synchronization circuitry is used to 

generate a synchronized clock signal based on a 
15 reference clock signal. The synchronized clock signal 
is ideally in phase with the reference clock signal. 
One type of clock synchronization circuit is a delay- 
locked loop (DLL) . A DLL uses a variable delay circuit 



to add phase delay to the input reference clock signal 
before it is output from the DLL. The DLL uses a phase 
detector to measure the phase difference between the 
output of the DLL and the reference clock and to adjust 
5 the variable delay to minimize the phase difference. 

[0003] Another type of clock synchronization circuit 
is a synchronous mirror delay (SMD) . The SMD uses a 
matched pair of delay arrays, a forward delay array and 
a backward delay array, to output a delayed clock 

10 signal synchronized to the input reference clock 

signal. The reference clock signal is input into the 
forward delay array. After a set number of clock 
cycles, a mirror control circuit is triggered to 
transfer the clock signal from the forward delay array 

15 to the same delay stage of the backward delay array. 

The clock signal spends the same amount of time in the 
backward delay array as it does in the forward delay 
array before being output by the SMD. The total delay 
through both delay arrays synchronizes the output clock 

20 signal to the reference clock signal. 

[0004] Yet another type of clock synchronization 
circuit is a measure -controlled delay (MCD) . In an 
MCD, the input reference clock signal is provided to 
two delay arrays, a measure delay array and a forward 

25 delay array. After a set number of clock cycles, a 



measure circuit is triggered to (1) measure the 
progress of the clock signal propagating through the 
measure delay array and (2) output the clock signal 
from the forward delay array at the same delay point as 
5 measured in the measure delay array. 

[0005] In high speed memory devices, these types of 
clock synchronization circuits may be used to control 
the precise timing of memory access. Each of these 
circuits requires an input reference signal in order to 

10 generate the synchronized clock signal. During a 
power-down state, turning off as much circuitry as 
possible reduces power consumption. However, the 
reference signal, its associated clock distribution 
circuitry, and the clock synchronization circuitry are 

15 not typically turned off during a power-down state. 
This is so because many clock cycles are needed to 
output a valid synchronized clock signal after exiting 
a power-down state, and high speed memory devices 
require the presence of synchronized clock signals 

20 immediately upon exiting the power-down state. 
[0006] In view of the forgoing, it would be 

desirable to be able to provide clock synchronization 
circuitry that continues to output a synchronized clock 
signal after the input reference clock signal is 

2 5 removed. Thus, for example, during a power-down state, 



the reference clock signal distribution circuitry may 
be powered -down . 

[0007] The output of synchronization circuitry may 
also be susceptible to the jitter of the input signal. 
5 Jitter is short-term random variations in the timing of 
a periodic signal. In a clocked system, these random 
variations in the timing of a clock signal may cause 
timing errors. 

[0008] In view of the foregoing, it would be 

10 desirable to be able to provide clock synchronization 
circuitry that reduces input referred jitter in the 
synchronized clock signal. 

Summary of the Invention 

[0009] It is an object of this invention to provide 
15 clock synchronization circuitry that continues to 

output a synchronized clock signal after the reference 
clock signal is removed. 

[0010] It is also an object of this invention to 

provide clock synchronization circuitry that reduces, 
20 if not eliminates, input referred jitter in the 
synchronized clock output signal. 

[0011] In accordance with the invention, clock 

synchronization circuitry is provided with a clock 
capturing feedback loop. After the clock 



synchronization circuitry is locked to the input 
reference clock signal, the clock synchronization 
circuitry can switch its input from the input reference 
clock signal to the fed back synchronized clock output 
5 signal. The clock synchronization circuitry can then 
continue to oscillate with the captured synchronized 
clock output signal independent of the reference clock 
signal. This allows the clock synchronization 
circuitry to provide a synchronized clock output while 

10 the input reference clock signal distribution circuitry 
is shut down (e.g., because of a power down). 
[0012] The invention also provides clock capturing 
synchronization circuitry with a duty cycle correction 
circuit (DCC) or a pulse generator to correct or 

15 regenerate the oscillating synchronized clock signal 

and to reduce any signal degradation which may occur in 
the circuit. This advantageously allows the clock 
synchronization circuitry to operate for longer periods 
of time without the input reference clock signal. 

20 [0013] The invention also provides clock 

synchronization circuitry that reduces input referred 
jitter. When the synchronized clock signal is fed back 
and processed at the input of the clock synchronization 
circuitry instead of the reference clock signal, the 

25 jitter present in the reference clock signal is no 
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longer propagated through the clock synchronization 
circuitry to the synchronized clock output. 

Brief Description of the Drawings 

[0014] The above and other objects and advantages of 
5 the invention will be apparent upon consideration of 
the following detailed description, taken in 
conjunction with the accompanying drawings, in which 
like reference characters refer to like parts 
throughout, and in which: 
10 [0015] FIG. 1 is a block diagram of a typical delay- 

locked loop (DLL) ; 

[0016] FIG. 2 is a block diagram of a clock 

capturing DLL according to the invention; 

[0017] FIG. 3 is a timing diagram of input and 

15 output signals of an unlocked clock in a clock 

capturing DLL according to the invention; 

[0018] FIG. 4 is a timing diagram of input and 

output signals of a locked clock in a clock capturing 

DLL according to the invention; 
20 [0019] FIG. 5 is a block diagram of a clock 

capturing DLL including a pulse generator according to 

the invention; 

[0020] FIG. 6 is a block diagram of a typical 
Synchronous Mirror Delay (SMD) ; 



[0021] FIG. 7 is a block diagram of a clock 
capturing SMD according to the invention; 

[0022] FIG. 8 is a block diagram of a typical 
Measure-Controlled Delay (MCD) ; 
5 [0023] FIG. 9 is a block diagram of a clock 
capturing MCD according to the invention; and 

[0024] FIG. 10 is a block diagram of a system that 
incorporates the invention. 

Detailed Description of the Invention 

10 [0025] The invention provides clock capture in clock 
synchronization circuitry that can then output a 
temporary self-sustaining synchronized clock signal. 
The invention also reduces input referred jitter in the 
synchronized clock output signal. 

15 [0026] FIG. 1 shows a typical delay-locked loop 
(DLL) synchronization circuit 100. Reference clock 
signal RCLK is input to DLL 100, and output signal 
DLLCLK is a delayed, synchronized version of clock 
signal RCLK. The phase difference between RCLK and 

20 DLLCLK is ideally zero. 

[0027] DLL 100 typically includes input buffer 102, 
variable delay 104, output buffer 106, delay model 108, 
phase detector 110, and delay control 112. Following 
forward signal path 101, reference clock signal RCLK 



enters variable delay 104 through input buffer 102. 
Input buffer 102 delays the input clock signal RCLK by 
delay Dl . Variable delay 104 adds an adjustable amount 
of delay and outputs the clock signal through output 
5 buffer 106 as DLL output signal, DLLCLK . Output 
buffer 106 delays the clock signal by delay D2 . 
Delay D2 may also include other delays at the output of 
DLL 100, such as, for example, a clock distribution 
tree delay or output driver delay. 

10 [0028] Variable delay 104 is ideally set to a value 
that causes DLLCLK to be in phase with RCLK. In order 
for DLLCLK to be in phase with RCLK, the total delay of 
forward signal path 101 should be a multiple of the 
clock period tck (i.e., the delay is set equal to N*tck, 

15 where N is a whole number greater than or equal to 1) . 
Thus, the delay of variable delay 104 is ideally set to 
N*tck - (Dl + D2) (i.e., the total desired delay minus 
the approximated delay of input and output buffers 102 
and 106) . 

20 [0029] Following feedback signal path 103, the 

output of variable delay 104 is fed back through delay 
model 108 to phase detector 110. Delay model 108 
"models" the approximate delay of (Dl + D2) (i.e., the 
sum of the approximate delays of input buffer 102 and 



output buffer 106) . The sum of the delays of variable 
delay 104 and delay model 108 is ideally equal to the 
delay of forward signal path 101 (i.e., N*tck) . 
[0030] Phase detector 110 measures the phase 
5 difference between reference input clock signal RCLK 
and synchronized output clock signal DLLCLK. Phase 
detector 110 controls delay control 112, which adjusts 
the delay of variable delay 104. Variable delay 104 is 
adjusted to minimize, if not eliminate, the phase 

10 difference measured by phase detector 110 between RCLK 
and DLLCLK. After variable delay 104 has been adjusted 
to its optimal setting, the DLL is said to be locked. 
[0031] FIG. 2 shows clock capturing DLL 200 in 

accordance with the invention. As in DLL 100, clock 

15 capturing DLL 200 includes input buffer 202, variable 
delay 204, output buffer 206, delay model 208, phase 
detector 210, and delay control 212, which all operate 
similarly or identically to their corresponding 
counterparts in DLL 100. DLL 200 also preferably 

20 includes multiplexer 214. The delay introduced by 
multiplexer 214 is accounted for by delay model 208. 
[0032] After variable delay 204 is adjusted and 
DLL 200 is locked, multiplexer 214 can be switched 
using control input SEL to pass the feedback signal 

25 from path 203 instead of input reference clock RCLK. 



Thus, feedback signal path 2 03 can be coupled to 
forward signal path 201, forming a signal loop. 
DLL 200 will ideally continue to oscillate with the 
same phase and period in this "clock captured 
5 configuration." Depending on the particular mode of 
operation of DLL 200, phase detector 210 may be 
disabled when the clock is captured or it may continue 
to measure phase difference and adjust variable 
delay 204, if necessary. Phase detector 210 may also 

10 be adjusted just prior to switching into the clock 

captured configuration to compensate for a phase error 
which may occur after the clock is captured. 
[0033] The operation of DLL 200 is illustrated in 

FIGS. 3 and 4, which show signal timings before and 

15 after the clock is captured, respectively. To simplify 
the illustrations, the delays of input buffer 202 (Dl) , 
output buffer 106 (D2), and delay model 108 (D1+D2) are 
assumed to be zero. SCLK is the clock signal passed 
through multiplexer 214. 

20 [0034] Referring to FIG. 3, SEL is set to pass RCLK 

through multiplexer 214 to variable delay 204. The 
phase difference between the output of multiplexer 214, 
SCLK, and FBCLK at 3 02 shows that the DLL is not yet 
locked . 
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[0035] Referring to FIG. 4, SEL is set at 402 to 

pass RCLK through multiplexer 214 to variable 
delay 2 04. At 4 04, SCLK and FBCLK are shown in-phase 

(i.e., no phase difference), so SEL can be switched to 
5 pass the feedback signal through multiplexer 214 to 
variable delay 2 04. The clock is now captured and 
DLL 200 will continue to oscillate and maintain its 
locked state. 

[0036] After the clock is captured in the clock 

10 synchronization circuitry, the reference clock signal 
can be removed (and/or its associated distribution 
circuitry disabled) without affecting the oscillation 
of the circuit. This may be desirable, for example, in 
double data rate (DDR) synchronous dynamic random 

15 access memory (SDRAM) . Normally, during an active 
power-down, the reference clock and the clock 
synchronization circuitry are not turned off, because 
they provide the necessary clocking to allow a read 
operation one clock cycle after exiting the power-down 

2 0 state. If the clock synchronization circuitry were 

turned off, it would take many clock cycles for it to 
be turned back on and to output a properly synchronized 
clock signal. However, according to the invention, the 
clock synchronization circuitry can capture the clock 

25 signal before entering a power-down state, . Then, the 
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reference clock distribution circuitry can be shut 
down, removing the reference clock. The synchronization 
circuitry continues to oscillate temporarily with the 
proper period and phase. Thus, the clock 
5 synchronization circuitry remains on and ready for the 
system to exit the power down state, but power is saved 
by shutting down the reference clock distribution 
circuitry. This embodiment of the invention has the 
advantage of reducing power consumption during an 
10 active power-down, while producing the necessary clock 
signal edges to allow the memory to be read when the 
active power-down state is exited. 

[0037] When the system is ready to exit the power 
down state, SEL can be switched back to pass the 

15 reference clock signal through multiplexer 214 to 

variable delay 2 04. The reference clock once again 
oscillates through DLL 200 instead of the captured 
clock signal. Throughout the transitions from the 
clock captured state and back, there is usually little, 

2 0 if any disturbance to the output clock signal. 

However, after the input reference clock signal is 
captured and DLL 2 00 oscillates with the synchronized 
clock signal for a longer period of time, the system 
may drift out of synchronization. When this occurs, 

25 there may be a phase difference between the oscillating 
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clock signal and the reference clock signal. In this 
situation, switching back to the reference clock input 
may cause a disturbance or interruption in the output 
clock signal. Thus, according to another embodiment of 
5 the present invention, multiplexer 214 may be replaced 
with phase mixing circuitry. Phase mixing circuitry 
may be able to transition more smoothly between the 
fed-back clock signal and the reference clock signal 
and may avoid sudden discontinuity. 

10 [0038] Furthermore, capturing the clock signal in 
the clock synchronization circuitry reduces jitter in 
the synchronized clock output signal caused by the 
jitter in the reference signal. After DLL 200 is 
locked and the clock is captured, reference clock 

15 signal RCLK is no longer used to generate DLL output 
DLLCLK. Therefore, any jitter in reference clock 
signal RCLK will no longer propagate through the 
synchronization circuit and affect output signal 
DLLCLK. However, if RCLK is still available, it can be 

20 used by phase detector 204 to maintain the phase 

synchronization of DLLCLK even though it is no longer 
used to generate DLLCLK. 

[0039] After the input reference clock signal is 
captured, DLL 200 continues to oscillate with the 
25 synchronized clock signal for a period of time. 
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Eventually, as mentioned above, the system may drift 
out of synchronization. In particular, if the 
reference clock is removed and no reference signal is 
available for phase detector 210 to measure, the system 
5 may drift out of synchronization sooner than if the 

reference clock signal were still available to maintain 
synchronization. Also, the duty cycle of the captured 
clock signal may become distorted while the captured 
clock signal oscillates in DLL 200. 

10 [0040] FIG. 5 shows another embodiment of a clock 

capturing DLL in accordance with the invention. As in 
clock capturing DLL 2 00, clock capturing DLL 500 
includes input buffer 502, variable delay 504, output 
buffer 506, delay model 508, phase detector 510, delay 

15 control 512, and multiplexer 514, which all operate 
similarly or identically to their corresponding 
counterparts in DLL 200. DLL 500 also preferably 
includes pulse generator 516. 

[0041] , Pulse generator 516, connected to the output 
20 of variable delay 504, generates a pulse with a 

predetermined width synchronized to the oscillating 
clock signal. This pulse maintains the duty cycle and 
general integrity of the oscillating clock signal and 
prevents the oscillating clock signal from degrading. 
2 5 Thus, the synchronized output clock signal can be 
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provided for a longer period of time. [0042] 
According to another embodiment of the invention, pulse 
generator 516 may be replaced by a duty cycle 
correction circuit (DCC) . The DCC corrects the duty 
5 cycle distortion of the oscillating clock signal and 
also prevents the clock signal from degrading. 
[0043] Although the previous embodiments all relate 
to a DLL, the invention may be used with other types of 
clock synchronization circuitry. For example, FIG. 6 

10 shows a typical Synchronous Mirror Delay (SMD) and 
FIG. 7 shows a clock capturing SMD according to the 
invention. Also, FIG. 8 shows a typical Measure - 
Controlled Delay (MCD) and FIG. 9 shows a clock 
capturing MCD according to the invention. 

15 [0044] FIG. 6 illustrates typical SMD 600, which 

includes input buffer 602, delay model 604, forward 
delay array 606, mirror control circuit 608, backward 
delay array 610, divide-by-n counter 612, and output 
buffer 614. 

20 [0045] Forward delay array 606 and backward delay 
array 610 are made up of a series of delay elements. 
Ideally, the delay characteristics of forward delay 
array 606 and backward delay array 610 are identical. 
Forward delay array 606 has a series of parallel 

25 outputs corresponding respectively to each delay 
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element, and backward delay array 610 has a series of 
parallel inputs corresponding respectively to each of 
its delay elements. After a clock signal is input to 
forward delay array 606, it begins to propagate through 
5 the delay elements. When the clock signal reaches the 
Kth delay element, mirror control circuit 608, driven 
by divide-by-n counter 612, causes the clock signal to 
be output from the Kth delay element of forward delay 
array 606 and input to the Kth delay element of 

10 backward delay array 610. After the clock signal is 
input to backward delay array 610, it propagates 
through the same number of delay elements as it did in 
forward delay array. 606 before exiting backward delay 
array 610. Ideally, the clock signal delay introduced 

15 by forward delay array 606 is equal to the delay 

introduced by backward delay array 610 and the total 
array delay is equal to 2* (tck- (D1+D2) ) . 
[0046] In forward signal path 601 of SMD 600, 

reference clock signal RCLK is input through input 

20 buffer 602 and delay model 604 and enters forward delay 
array 606. Input and output buffers 602 and 614 and 
delay model 604 have similar delay characteristics as 
in the previously described DLL circuitry. After 
divide-by-N counter 606 counts N clock cycles, it 

25 triggers mirror control circuit 608. The number N is 
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based on the length of the delay array and speed of the 
clock signal. N may be fixed by the design of the 
clock synchronization circuitry or may be variable. 
Mirror control circuit 608 causes the clock signal in 
5 forward delay array 606 to be transferred to backward 
delay array 610. After N more clock cycles, the 
synchronized output clock signal is output through 
output buffer 614. The total delay of the forward path 
is equal to 2*N*tc*. 

10 [0047] FIG. 7 illustrates clock capturing SMD 700 in 
accordance with the invention. SMD 7 00 includes input 
buffer 702, delay model 704, forward delay array 706, 
mirror control circuit 708, backward delay array 710, 
divide-by-N counter 712, and output buffer 714, which 

15 all operate similarly or identically to their 

corresponding counterparts in SMD 600. SMD 700 also 
includes feedback path 703 which preferably includes 
multiplexer 716 and delay model 718. 

[0048] Input reference clock signal RCLK is delayed 
2 0 and synchronously output as DLLCLK. However, 

additional feedback path 703 allows the synchronized 
clock signal to be captured and oscillated. When 
multiplexer 716 is switched to output the fed back 
signal, a closed loop oscillator is formed. Delay 
25 model 718 is preferably identical to delay model 704 
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and provides a total feedback signal path delay that 
equals the total delay of forward signal path 701 
(i.e. , 2*N*tck) . 

[0049] FIG. 8 illustrates typical MCD 800, which 

5 includes input buffer 802, delay model 804, measure 
delay array 806, measure circuit 808, forward delay 
array 810, divide-by-n counter 812, and output 
buffer 814. 

[0050] Measure delay array 806 and forward delay 
10 array 810 each include a series of delay elements. 
Ideally, measure delay array 8 06 and forward delay 
array 810 provide identical amounts of delay. The 
reference clock signal is input to measure delay 
array 806 and forward delay array 810. The reference 
15 clock signal propagates through the delay elements of 
both delay arrays. Measure circuit 808 is enabled 
before the clock signal reaches the final delay element 
in measure delay array 806. Measure circuit 808 
measures the progress of the clock signal through the 
2 0 delay elements of measure delay array 806, and sets 
forward delay array 810 to output its clock signal 
after that same number of delay elements. Thus, for 
example, if the clock signal had propagated through the 
Kth delay element of measure delay array 806, forward 
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delay array 810 will be set to output the clock signal 
after K delay elements. 

[0051] In forward signal path 801 of MCD 800, 

reference clock signal RCLK is input though input 
5 buffer 802 and delay model 804 and enters measure delay 
array 806. RCLK is simultaneously input through input 
buffer 802 to forward delay array 810. The clock 
signal is propagated through delay model 804 and 
measure delay array 806 to measure the proper delay to 

10 set for the forward delay array 810. Only the clock 
signal input to forward delay array 810 will be output 
as DLL output signal DLLCLK. The input and output 
buffers 802 and 814 and delay model 804 have delay 
characteristics similar to the previously described DLL 

15 and SMD circuits. After divide-by-N counter 812 counts 
N clock cycles, it triggers measure circuit 808. 
Measure circuit 808 measures the number of unit delays 
that the clock signal has propagated in measure delay 
array 806 and sets forward delay array 810 to use the 

20 same number of unit delay elements. The clock signal 
is then output from forward delay array 810 at the 
delay element set by measure circuit 808. (Note that 
reference clock signal RCLK propagates through delay 
model 8 04 before being input to measure delay 

2 5 array 8 06, and the RCLK is input to forward delay 



array 810 without this additional delay. Thus, the 
clock signal propagates through forward delay array 810 
more quickly than through measure delay array 806. 
Therefore, some clock pulses may be lost (or have 
5 incorrect phase) before the proper delay element of 
forward delay array 810 is selected by measure delay 
array 806. This delay (or time with incorrect phase) 
is part of the initialization of the SMD . ) The total 
delay of the forward signal path is equal to N*tck. 

10 [0052] FIG. 9 illustrates clock capturing MCD 900 in 

accordance with the invention. MCD 900 includes input 
buffer 902, delay model 904, forward delay array 906, 
mirror control circuit 908, backward delay array 910, 
divide-by-n counter 912, and output buffer 914, which 

15 all operate similarly or identically to their 

corresponding counterparts in MCD 800. MCD 900 also 
includes feedback path 903 which preferably includes 
multiplexers 916 and 918. 

[0053] In MCD 900, input reference clock signal RCLK 

2 0 is delayed and synchronously output as DLLCLK. 

Feedback path 903 allows the synchronized clock signal 
to be captured and oscillated through MCD 900. 
Multiplexers 916 and 918 allow the feedback signal to 
be fed to delay model 904 and forward delay array 910. 



The total delay of feedback signal path 903 is equal to 
forward signal path 901 (i.e., N*tck) . 

[0054] FIG. 10 shows a system that incorporates the 
invention. System 1000 includes a plurality of DRAM 
5 chips 1010, a processor 1070, a memory controller 1072, 
input devices 1074, output devices 1076, and optional 
storage devices 1078. Data and control signals are 
transferred between processor 1070 and memory 
controller 1072 via bus 1071. Similarly, data and 

10 control signals are transferred between memory 

controller 1072 and DRAM chips 1010 via bus 1073. One 
or more DRAM chips 1010 include clock capturing 
synchronization circuitry in accordance with the 
invention. The clock capturing circuitry may also be 
* 15 included in memory controller 1072. Moreover, clock 

capturing synchronization circuitry in accordance with 
the invention may be included in any part of the system 
that requires clock synchronization. Such 
synchronization circuitry can be used to perform read 

2 0 operations when entering power down states and/or to 
reduce input referred jitter. Input devices 1074 can 
include, for example, a keyboard, a mouse, a touch-pad 
display screen, or any other appropriate device that 
allows a user to enter information into system 1000. 

2 5 Output devices 10 7 6 can include, for example, a video 
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display unit, a printer, or any other appropriate 
device capable of providing output data to a user. 
Note that input devices 1074 and output devices 1076 
can alternatively be a single input/output device. 
5 Storage devices 1078 can include, for example, one or 
more disk or tape drives. 

[0055] Note that the invention is not limited to 
DRAM chips or systems that include DRAM chips, but is 
applicable to other systems and integrated circuits 

10 that can benefit from such clock (or other periodic 
signal) capturing synchronization. 
[0056] Thus it is seen that clock capturing 
synchronization circuitry is provided. One skilled in 
the art will appreciate that the invention can be 

15 practiced by other than the described embodiments, 

which are presented for purposes of illustration and 
not of limitation, and the present invention is limited 
only by the claims which follow. 



